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Surface chemistry of SOFC cathodes studied by using ambient
pressure (AP) spectroscopic tools

25 kW Solid Oxide Fuel Cell (SOFC) Redox Cube H-O
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Fundamental understanding on surface chemistry of functional
oxides at elevated temperature in O, atmosphere
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Fundamental understanding on surface chemistry of functional
oxides at elevated temperature in O, atmosphere
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Improve efficiency and performance of energy conversion and
storage devices by obtaining insights from AP-XPS/XAS

All-solid Li-ion batteries CO, = CO + 0,: oxygen production on Mars

Electrode: LiCoO, 5-100 nm
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“Crystals are like people: it is the defects that
make them interesting.”
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Different methods for tuning oxygen defect chemistry

Doping (chemical)

3

Surface-decorated
La, gSPy. 2CoO3_8

,‘ - , - G - h
.f;,é 4 &“/;.{ 4 &‘ e #‘ 18

'\’ l" m” s_lf\ 4»‘, a ‘K"

o o
La/Sr Co Hf Ti, Zr...

N. Tsvetkov*, Q. Lu*, B. Yildiz et al., Nature Materials, 2016

Biasing (electro-chemical)
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Topotactic phase
transition of SrCoO,

Q. Lu and B. Yildiz, Nano Letters, 2016



Case study I: surface doping of (La,Sr)CoO,
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Degradation of electrochemical performance of (La,Sr)CoO, (LSC)
as cathode of solid oxide fuel cells

650 °C, air
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Electrostatic driving force of Sr surface segregation
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Suppression of Sr surface segregation by doping
Synchrotron X-ray Ambient-pressure (AP)
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Reduced surface oxygen vacancy concentration achieved by doping
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Less surface segregation leads to more stable surface
morphology of LSC
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In situ surface chemistry characterization on LSC by using AP-XPS

Intensity (a.u.)
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Enhancement in electrochemical stability gained from
surface modifications

530 °C, air
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Case study Il: phase transition in SrCoO

Applying electrical biases
(electrochemical)

X

Soft X-ray

Q. Lu and B. Yildiz, Nano Letters, 2016
Q. Lu, H. Blum, B.Yildiz et al., J. Phys. Chem. C, 2016



Distinct properties in BM and P phase SrCoQO,

Oxygen-deficient
SrCo0, ¢

Brownmillerite (BM)

Semiconducting;
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Metallic;
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oxide oxidation
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In situ diffraction showing phase transition in SrCoO,,
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Q. Lu and B. Yildiz, Nano Letters, 2016



In situ probing the change in electronic structure of SrCoQO,

Soft X-ray (<1 keV, BL 11.0.2, ALS) Ambient-pressure X-ray
spectroscopy (VB, CB, E;)

OV srco(V,I)0,

> YSZ substrate (electrolyte)

4 Counter electrode

300 °C, pO, = 1e-3 atm, bias 174 V

(BM—>P transition bias = 2V)
Q. Lu, H. Bluhm, B. Yildiz et al., J. Phys. Chem. C, 2016
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Downwards shift of Fermi level during the BM=»P phase transition
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X-ray absorption spectra (XAS) data showed strong hybridization

between Co 3d and O Zp
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Kinetics of the phase transition studied using X-ray adsorption

Normalized Intensity (a.u.)

" 100k
no bias, BM-SCO
|~ 4V, PSCO i Bias off
90k | i
‘ v % | F
1 o S
| o g
| >~ 80k :.;" E
: ||
] | c o 2|
. g |
: £ 7oA S
|
_ : i Bias on
522 ' 554 ' 5&6 ' 558 ' 5:l’>0 ' 5:132 ' 534 o 0 ' 260 ' 4(I)O ' 6(I)O ' 8(I)O ' 10100 ' 12100
Photon Energy (eV) Time (second)
O K-edge pre-edge peak # Relaxation (Intensity-time)

curves

24



Kinetics of the phase transition studied using X-ray adsorption
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Applying the same idea to other materials systems

Soft X-ray
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Applying the same idea to other materials systems

Soft X-ray
e

L@ 0%
MO0 V.0 Insulator (E, = 2.2 eV)
5 Layered structure

Metal-to insulator
transition at ~340 K N 3 2
Close-packed structure Voz

VO, (x = 2~2.5)

Q. Lu, S. R. Bishop, D. Lee, H. Bluhm, H. L. Tuller, H. Lee, B. Yildiz, submitted 27



Electrochemically driven phase transition in VO, probed by AP-XAS

Unpublished data
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New type of reversible metal-insulator-transition (MIT)
triggered electrochemically in VO,

Unpublished data
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Different methods for tuning oxygen defect chemistry

Doping (chemical)

3

Surface-decorated
La, gSPy. 2CoO3_8

,‘ - , - G - h
.f;,é 4 &“/;.{ 4 &‘ e #‘ 18

'\’ l" m” s_lf\ 4»‘, a ‘K"

o o
La/Sr Co Hf Ti, Zr...

N. Tsvetkov*, Q. Lu*, B. Yildiz et al., Nature Materials, 2016

Biasing (electro-chemical)

3

Topotactic phase
transition of SrCoO,

Q. Lu and B. Yildiz, Nano Letters, 2016
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